Background Although transmission of hepatitis C virus (HCV) through parental exposure is well documented, it is still controversial whether familial clustering of HCV occurs.
Hepatitis C virus (HCV) is an important cause of posttransfusion hepatitis worldwide. 1 Transmission of HCV through parenteral exposure-including blood transfusions and contaminated needles-is well documented; 2 30-40% of subjects with evidence of HCV infection do not have a history of such exposure, however. 3 Therefore, other modes of transmission of HCV are probably important in these patients. We and others have previously found that horizontal transmission plays a major role in the spread of hepatitis B virus (HBV) infection among family members of adults who are chronic carriers of HBsAg, 4 -5 but whether intrafamilial transmission of HCV occurs is still controversial. 67 Previous studies have reported that the spread of HCV infection among family members of patients with HCV infection is uncommon.*" 10 The aims of this study were to elucidate possible risk factors for HCV infection and to evaluate the familial clustering of HCV infection among family members of HCV-infected adults.
Materials and Methods

Study population
Index cases
All 180 patients who underwent a periodic health examination and tested positive for anti-HCV antibody between September 1993 and February 1994 at the Asan Medical Center in Seoul, Korea were mailed a letter inviting them and members of their family who were living together in the same house to participate in this study. The Center is a private university-based hospital primarily serving residents of Seoul. Between February and July 1995, 134 (74.4%) of the 180 patients responded to our invitation. Of these, 109 people (81.3%; 68 men, 41 women), (Table 1) , also had family members who were willing to take part in the study. Using a structured questionnaire, participants were asked about past medical history including surgical and dental procedures, blood transfusions, jaundice, acupuncture, endoscopy, tattoos, and ear piercing. They were evaluated for HCV infection and liver disease by alanine aminotransferase (ALT), reverse transcribed polymerase chain reaction (RT-PCR) and ultrasound examination; 67 cases of elevated ALT were found, eight of cirrhosis and two of hepatocellular carcinoma; in 32, liver function was normal.
Index controls
All 140 people who underwent a periodic health examination at the Asan Medical Center during the same period as the index cases and had negative HBsAg and anti-HCV antibody, normal INTERNATIONAL JOURNAL OF EPIDEMIOLOGY liver function and who lived in the Seoul area were invited by letter to participate as controls. Of these, 129 were re-tested and found to be still negative for both anti-HCV antibody and HBsAg (Radioimmunoassay, Abbott). Eighty-four of the 129 (65.1%; 52 men, 32 women) (Table 1) , who agreed to participate had family members who also consented to participate in the study. Using the same questionnaire as the controls, they were interviewed.
Family members of index cases and controls
Family members were invited by cases and controls to attend a screening visit. In all, 250 family members (104 men, 146 women) of 109 index cases and 170 family members (64 men, 106 women) of 84 controls were enrolled. All were tested for HCV infection and interviewed using the same questionnaire as cases and controls.
Laboratory tests
At their initial visit and again at the study visit, all participants were screened with a second generation anti-HCV ELISA (Abbott Laboratories).
11 Those who tested positive for anti-HCV antibody were tested for ALT and RT-PCR. Their ALT activity was considered elevated when the value was >40 IU/1. To detect hepatitis C viral sequences, serum RNA was extracted, reverse transcribed, and amplified using the nested PCR method.
12
Statistical analysis
The association of possible risk factors for HCV infeaion with case and control status was assessed using odds ratios. The X 2 test or Fisher's exact test were used to determine whether associations were statistically significant. 13 Factors that were significant in univariate analyses (P < 0.05) were examined after stratifying by possible confounders using the MantelHaenszel method. Multiple logistic regression analysis was also employed to determine whether observed associations were independent of other risk factors. Familial clustering was analysed by comparing differences in the prevalence of HCV infection among family members of index cases and of controls.
14 Results Table 1 shows the univariate association of possible risk factors for HCV infection according to case and control status. Risk of infection was similar for men and women. With regard to age, and using people aged <40 as a referent group, risk of infection was minimally lower in the 40-49 age group, and over twice as high in those aged 50-59, but not significantly so. People aged 3=60 were almost three times more likely to be infected by HCV than those aged <40. The trend of increasing risk of HCV infection in older people was statistically highly significant. When age was examined as a continuous variable, cases were on the average 5 years older than non-infected controls (51.3 years versus 46.7 years, P < 0.05). hi univariate analysis, a history of blood transfusion and of jaundice was also associated with increased risk of HCV infection. Seven subjects among index cases and two among index controls had experienced both blood transfusion and jaundice. Only three of them had received blood products before the onset of jaundice. The association between having been treated with acupuncture and HCV infection was of marginal statistical significance. In this study, other possible risk factors, such as a history of surgical or dental procedure, endoscopy, tattooing, ear piercing or sexually transmitted disease, were not associated with increased risk of HCV infection. Intravenous drug use was not evaluated since no users were found among controls. Multivariate analysis of possible risk factors for HCV infection, according to case and control status can be seen in Table 2 . An age increase of 10 years was associated with a 1.5 fold increase in the risk of HCV infection. A history of having received a blood transfusion was most strongly related to the risk of HCV infection (odds ratio [OR] = 12.6); a history of jaundice was also a high risk factor (OR = 4.1). In this multivariate model, other risk factors such as gender, or a history of previous surgical procedure or of acupuncture, were not associated with increased risk of HCV infection. Table 3 shows the characteristics of family members of cases and controls. The distribution of gender and age was similar for both groups of family members. Only one family member of cases and no-one related to the controls had HCV infection. There was therefore no evidence of familial clustering of HCV infection.
Risk factors for HCV infection
Familial clustering of HCV infection
Discussion
This study shows that the risk factors for HCV infection are previous transfusion, a history of jaundice, and older age. It also demonstrates that the prevalence of HCV infection confirmed by RT-PCR among family members of patients with chronic HCV infection is extremely low and that familial clustering of HCV infection does not appear to occur. This is the first study to examine familial clustering of HCV infection in Korea and one of the few studies that has used RT-PCR to confirm this infection. This is an important distinction because anti-HCV antibody overestimates the prevalence of infection. 11 Hepatitis B, but not HCV, is endemic in Korea. Thus, our results provide an interesting contrast to investigations of HCV in the US and other countries with low rates of hepatitis B infection.
Odds ratios of HCV infection increased with age, consistent with other studies. 1 ' 15 No difference in seroprevalence of infection was found between genders. Since 1990, blood donors and patients with liver disease in Korea have been systematically tested for anti-HCV antibody using ELISA; 16 even so, transfusion, the classic form of parenteral transmission, was in this study associated with a markedly elevated OR of 12.6, also consistent with other studies. 1718 A history of jaundice was also strongly associated with HCV infection, as in other studies. 1819 Despite this strong association, only 16 of the RT-PCR positive patients with abnormal liver function tests (26%) reported a history of jaundice. Even though the prevalence of acupuncture was high in this study population, it was not a risk factor for HCV infection. This finding conflicts with the results of another study from the US 20 which found acupuncture to be a route of transmission of HCV. Nor was a history of having been tattooed associated with an increased risk of HCV infection, unlike other studies. 19 ' 21 Previous surgery was not a risk factor for PCR positivity in this study, which was consistent with some, 22 ' 23 but not all studies. 18 ' 24 Having undergone a dental procedure was not found to be a risk factor, but this is also controversial. 18 -24 - 25 Other risk factors for parenteral exposure, such as endoscopy and ear piercing, were not found to be associated with HCV infection. A history of sexually transmitted disease was not found to be a risk factor, again in contrast to results from other studies. 26 ' 27 In this study intravenous drug use could not be evaluated because no intravenous drug users were reported among controls, while six index cases (5.5%) were intravenous drug users. Our previous study showed low prevalence of intravenous drug users in terms of needle sharing (4.7% in cases; 2.6% in controls), and that the needle sharing was not associated with the risk of HCV infection. 3 There are several possible reasons for the differing results of this and previous studies. Most importantly, many previous studies have used anti-HCV ELISA tests, which have low specificity for HCV infection, 11 ' 28 especially in blood donors and other low risk populations. As a result, early studies of HCV infection on the basis of anti-HCV ELISA tests contained a large proportion of false positive results, leading to falsely elevated estimates of the prevalence of HCV infection. In the present study, infection was confirmed by RT-PCR and ALT in all those who were positive for anti-HCV antibody by ELISA. Another reason that our study results may differ from those of previous studies is that our study population was selected from a hospital-based sample. A community-based sample may have had a higher prevalence of drug abuse and other risk factors.
In this study, the prevalence of anti-HCV antibody among family members of patients with chronic HCV infection (3.2%) was lower than that reported in other studies. 7 ' 29 The degree of familial transmission of HCV infection, defined as a positive RT-PCR and elevated ALT level, was also extremely low in this study. In fact, RT-PCR and ALT revealed evidence of HCV infection in only one spouse (1.2%) and in no children. As indicated above, this lower seroprevalence compared to other studies may reflect confirmation of positives using a more specific test, the RT-PCR. Another possible, but unlikely, reason for the low prevalence of HCV infection among family members is that relatives who had been infected may have been too ill to attend for screening. The single spouse who was positive on RT-PCR had no history of blood transfusion or other risk factors and may have been infected by his wife. 30 Our study shows no evidence of parent to child transmission of HCV. This result differs from those of other studies, 910 which suggested that HCV was vertically transmitted from mother to infant. However, Reinus et al?
x and Novati et al} 2 have suggested that passive transfer of anti-HCV antibodies, rather than vertical transmission of infection from anti-HCV positive mothers, may explain the detection of anti-HCV antibodies in newborn infants. While mother-to-child transmission may be possible in HCV infection, it does not appear to be as important a route as in the transmission of HBV. Likewise, our findings confirm that intrafamilial transmission (i.e. perinatal and sexual) of HCV infection is not as common as in HBV infection. 3 ' 5 Although we studied a large number of family members (420) the prevalence of HCV among these family members was so low that the statistical power to detect associations was limited. A much larger study is required to estimate precisely the low risk of intrafamilial transmission of HCV.
In summary, the risk factors of HCV infection in Korea are previous transfusion, a history of jaundice and older age. The prevalence of HCV infection among family members of patients with chronic HCV infection is extremely low and familial clustering of HCV does not appear to occur.
